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(57) Abstract 



A method of forming a relief image in a structure comprising a substrate and a transfer layer formed thereon comprises covering 
the transfer layer with a poiymerizable fluid composition, and then contacting the polymerizable fluid composition with a mold having a 
relief structure formed therein such that the polymerizable fluid composition fills the relief structure in the mold. The poiymerizable fluid 
composition is subjected to conditions to polymerize polymerizable fluid composition and form a solidified polymeric materia) therefrom 
on the transfer layer. The mold is then separated from the solid polymeric material such that a replica of the relief structure in the mold is 
formed in the solidified polymeric material; and the transfer layer and the solidified polymeric material are subjected to an environment to 
selectively etch the transfer layer relative to the solidified polymeric material such that a relief image is formed in the transfer layer. 
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STEP AND FLASH IMPRINT LITHOGRAPHY 

Field of the Invention 
The invention generally relates to using lithography techniques in 
fabricating various microstructures. 

5 Background of the Invention 

There is currently a strong trend toward fabricating small structures and 
downsizing existing structures, which is commonly referred to as 
microfabrication. One area in which microfabrication has had a sizeable impact 
is in the microelectronic area. In particular, the downsizing of microelectronic 
10 structures has generally allowed the structures to be less expensive, have higher 
performance, exhibit reduced power consumption, and contain more components 
for a given dimension relative to conventional electronic devices. Although 
microfabrication has been widely active in the electronics industry, it has also 
been applied to other applications such as biotechnology, optics, mechanical 
15 systems, sensing devices, and reactors. 

Lithographic techniques are often employed in device microfabrication. 
See S. Wolf et al., Silicon Processing for the VLSI Era, Volume 1 -Process 
Technology, (1986), pp. 407-413. Using microcircuit fabrication as an example, 
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that the etch selectivity may be potentially undesirable for common 
microelectronic device processing. 

In view of the above, there is a need in the art for an imprint lithography 
process that allows for the formation of nanostructures having high resolution for 
5 a wide range of pattern densities. It would be particularly desirable if the 
nanostructures could be formed in a more efficient manner relative to prior art 
processes. 

Summary of the Invention 

10 The present invention addresses the potential problems of the prior art, 

and in one aspect provides a method of forming a relief image in a structure that 
comprises a substrate and a transfer layer formed thereon. The method applies 
to forming structures with nanoscale patterns. The method comprises covering 
the transfer layer with a polymerizable fluid composition; contacting the 

15 polymerizable fluid composition with a mold having a relief structure formed 

therein such that the polymerizable fluid composition fills the relief structure in the 
mold; subjecting the polymerizable fluid composition to conditions to polymerize 
the polymerizable fluid composition and form a solidified polymeric material 
therefrom on the transfer layer; separating the mold from the solidified polymeric 

20 material such that a replica of the relief structure in the mold is formed in the 
solidified polymeric material; and finally subjecting the transfer layer and the 
solidified polymeric material to an environment that allows for the selectively 
etching of the transfer layer relative to the solidified polymeric material such that 
a relief image is formed in the transfer layer. 

25 

Brief Description of the Drawings 
FIG. 1 illustrates a method for forming a relief structure in a substrate in 
accordance with the invention. 
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microelectronic devices, information storage devices, printed wiring boards, flat 
panel displays, micromachines, and charge couple devices. 

The substrate used in the above invention may comprise a number of 
different materials such as, but not limited to, silicon, plastics, gallium arsenide, 
5 mercury telluride, and composites thereof. The transfer layers are formed from 
materials known in the art such as, for example, thermoset polymers, 
thermoplastic polymers, polyepoxies, polyamides, polyurethanes, 
polycarbonates, polyesters, and combinations thereof. The transfer layer is 
fabricated in such a manner so as to possess a continuous, smooth, relatively 
10 defect-free surface that may exhibit excellent adhesion to the polymerizable fluid. 
As appreciated by one skilled in the art, the term "transfer-layer" refers to a layer 
containing material that may be etched so as to transfer an image to the 
underlying substrate from the polymerizable fluid composition as described in 
detail herein. 

15 The polymerizable fluid composition that is polymerized and solidified in 

accordance with the methods of the invention typically comprises a polmerizable 
material, a diluent, and other materials employed in polymerizable fluids such as, 
but not limited, to initiators, and other materials. Polymerizable (or crosslinkable) 
materials which may be used in the methods of the invention preferably 

20 encompass various silicon-containing materials that are often present 

themselves in the form of polymers. The silicon-containing materials include, but 
not limited to, silanes, silyl ethers, silyl esters, functionalized siloxanes, 
silsesquioxanes, and mixtures thereof. Silicon-containing materials which are 
employed preferably are organosilicons. The silicon-containing materials 

25 preferably contain the element silicon in an amount greater than about 8 percent 
based on the weight of the polymerizable fluid composition, and more preferably 
greater than about 10 weight percent. 

The polymers which may be present in the polymerizable fluid composition 
preferably include various reactive pendant groups. Examples of pendant groups 

30 include, but are not limited to, epoxy groups, ketene acetyl groups, acrylate 
groups, methacrylate groups, and combinations of the above. Although not 
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relief structures are separated from each other by a distance di preferably 
ranging from about 10 nm to about 5000 pm. 

.A polymerizable fluid composition 60 then contacts the transfer layer 20 
and mold 40 so as to fill the gap 50 therebetween, as shown in FIG. 1b. The 
polymerizable fluid composition may have a low viscosity such that it may fill the 
gap in an efficient manner. Preferably, the viscosity of the polymerizable fluid 
composition ranges from about 0.01 cps to about 100 cps measured at 25°C, 
and more preferably from about 0.01 cps to about 1 cps measured at this 
temperature. 

Referring now to FIG. 1c, the mold is then moved closer to the transfer 
layer 20 to expel excess polymerizable fluid composition 60 such that the edges 
41a through 41f of the mold 40 come into contact with the transfer layer 20. The 
polymerizable fluid composition 60 is then exposed to conditions sufficient to 
polymerize the fluid. Preferably, the polymerizable fluid composition 60 is 
exposed to radiation sufficient to polymerize the fluid composition and form a 
solidified polymeric rnaterialrepresented by 70 in FIG. 1c. More specifically, the 
polymerizable fluid composition is exposed in to ultraviolet light, although other 
means for polymerizing the fluid may be employed such as, for example, heat or 
other forms of radiation. The selection of a method of initiating the 
polymerization of the fluid composition is known to one skilled in the art, and 
typically depends on the specific application which is desired. 

The mold 40 then leaves the solidified polymeric material 70 on the 
transfer layer 20, as shown in FIG. 1d. The transfer layer 20 is then selectively 
etched relative to the solid polymeric material 70 such that a relief image 80 
corresponding to the image in mold 40 is formed in the transfer layer 20. The 
etching step is depicted by FIG. 1c. The etching selectivity of the transfer layer 
20 relative to the solid polymeric material 70 preferably ranges from about 1.5 to 
about 100. As an example, the selective etching or ion milling may be carried out 
may be carried out by subjecting the transfer layer 20 and the solid polymeric 
material 70 to an environment such as, but not limited to, an argon ion stream, an 
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THAT WHICH IS CLAIMED: 

1 . A method of forming a relief image in a structure comprising a 
substrate and a transfer layer formed thereon, said method comprising: 

covering the transfer layer with a polymerizable fluid composition; 

contacting the polymerizable fluid composition with a mold having a relief 
structure formed therein such that the polymerizable fluid composition 
substantially fills the relief structure in the mold; 

subjecting the polymerizable fluid composition to conditions to polymerize 
polymerizable fluid composition and form a solidified polymeric material 
therefrom on the transfer layer; 

separating the mold from the solid polymeric material such that a replica of 
the relief structure in the mold is formed in the solidified polymeric material; and 

subjecting the transfer layer and the solidified polymeric material to an 
environment to selectively etch the transfer layer relative to the solidified 
polymeric material such that a relief image is formed in the transfer layer. 

2. A method according to Claim 1 , further comprising the step of 
fabricating a device from the structure, the device selected from the group 
consisting of a microelectronic device, an information storage device, a printed 
wiring board, a flat panel display, a micromachine, and a charge couple device. 

3. A method according to Claim 1 , wherein the polymerizable fluid 
composition comprises a silicon-containing material. 

4. A method according to Claim 1 , wherein the polymerizable fluid 
composition comprises an organosilane. 

5. A method according to Claim 4, wherein the organosilane contains 
elemental silicon in an amount greater than about 8 weight percent based on the 
weight of the polymerizable fluid composition. 
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13. A method according to Claim 1, wherein the mold is transparent 
and wherein said step of subjecting the polymerizable fluid composition 
comprises subjecting the polymerizable fluid composition to radiation sufficient to 
polymerize the fluid composition and to form a solid polymeric material. 

14. A method according to Claim 1 , wherein said step of subjecting the 
transfer layer and the solid polymeric material to an environment comprises 
subjecting the transfer layer and the solid polymeric material to an environment 
comprising an argon ion stream, an oxygen-containing plasma, a reactive ion 
etch gas, a halogenated-containing gas, a sulfur dioxide-containing gas, and 
combinations thereof. 

1 5. A method according to Claim 1 , wherein residual material selected 
from the group consisting of a portion of the polymerizable fluid composition, a 
portion of the solid polymeric material, and combinations thereof is present 
subsequent to said step of subjecting the polymerizable fluid composition to 
conditions to form a solid polymeric material, and said method further comprising 
the step of subjecting the residual material to conditions such that the residual 
material is removed. 

16. A method according to Claim 15, wherein said step of subjecting 
the residual material occurs prior to said step of subjecting the transfer layer and 
the solid polymeric material to an environment to selectively etch the transfer 
layer relative to the solid polymeric material. 

17. A method according to Claim 1 5, wherein said step of subjecting 
the residual material to conditions such that the residual material is removed 
comprises subjecting the residual material to an environment selected from the 
group consisting of an argon ion stream, a fluorine-containing plasma, a reactive 
ion etch gas, and mixtures thereof. 
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